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ABSTRACT
Non-lithographic fabrication o f nickel based antidot system for potential GMR
device applications
by
Saurabh A Mookerjea
Dr. Biswajit Das, Examination Committee Chair
Associate Professor of Electrical and Computer Engineering
University of Nevada, Las Vegas
The antidot system is an interesting material for applications in GMR (Giant
Magnetoresistance) device technology.

Such devices have been the subject of

investigation for its physics during the past fifteen years; however there has not been any
focus towards application in GMR technology. The objective of this thesis is to develop a
optimum device configuration as well as process technology for GMR applications of
antidot structures. This thesis describes two different non-lithographic techniques for the
fabrication of nickel based antidot systems. The first technique uses an alumina template
as a mask to etch holes on the underneath nickel. Preliminary data show a 100 % change
in magnetoresistance at room temperature at very low magnetic fields, making it highly
suitable for device applications. However, the kilo-ohm change in magnetoresistance in
this device also suggests that the material no longer consists of a simple nickel layer with
holes but could have formed a complex alloy. The second technique involves the electron
beam evaporation of nickel on an alumina template. Nickel antidot systems with three

111
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different hole dimensions were implemented using this technique. FESEM images show a
periodic arrangement of pores on the nickel surface.
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CHAPTER 1

INTRODUCTION
1.1 Introduction
The past decade has seen extensive research on Giant Magnetoresistance (GMR)
devices [1]. GMR devices are magnetic field sensors which show a change in electrical
resistance for a given change in magnetic field. Such devices are widely used to read
magnetic data on the computer hard disks. Ever since its conception at IBM there has
been a tremendous research interest to increase the sensitivity of GMR device, which will
help in detecting smaller magnetic fields and thereby increasing the data packaging
density on the hard disk of a computer.
An interesting system that has emerged over the years for such an application is
the antidot array system. Such a system consists of a lattice of periodically arranged
nanometer sized holes in the material. A typical antidot array structure created
lithographically is shown in figure 1-1. Such a system has been traditionally studied on
two dimensional systems such as the GaAs/AlGaAs heterostructure, which have very
high mobility [2,3]. A series of commensurate oscillations in the magnetoresistance were
obtained at magnetic fields below 0.5 Tesla at liquid helium temperatures as shown in
figure 1-2, such devices showed a 100% change in magnetoresistance.
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Figure 1-1 A typical antidot device structure [4].

Figure 1-2 Magnetoresistance graph obtained by D.Weiss et. al [3].
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1.2 Qualitative description of device physics:
Most studies on anti dot systems have been on two-dimensional electron system
(2DES) formed on heterostructure devices. Such a structure gives rise to novel device
physics due to the interplay of two-dimensional potential, antidot potential and the
applied magnetic field. The experimental studies by D.Weiss et. al [2, 3] show novel
magnetoresistance peaks at lower magnetic fields (B <0.5T) with corresponding non
quantized steps in the hall resistance. At high magnetic fields the well known shubnikovde baas oscillations [5] emerge due to Landau quantization of the energy band.
There have been

various complicated models proposed to explain this

phenomenon [6] out of which a simple and easy to understand model is the pinball model
[3]. In the low magnetic field regime, the transport phenomenon in an unpattemed sample
can be approximated by the simple drude expressions [6]:
Here

is the magnetoresistivity,

m*/e^nsT, /?^=B /e ns.

is the hall resistivity, m* is the effective mass of

the electron, n^ is the electron sheet charge density in the 2DES, B is the applied magnetic
field and T is the electron scattering time. However multiple magnetoresistance peaks
observed in experiments [3] cannot be explained by the simple drude picture. There are
three main components in the phase space that give rise to the total conductivity in the
device [3], these are the scattered orbits, pinned orbits and the drifting orbits. At low
magnetic fields the classical cyclotron diameter (which is inversely proportional to B) is
large and hence it is either scattered or encompasses a number of antidots thereby
increasing the resistivity significantly. At higher magnetic fields the cyclotron diameter
reduces and the electrons drift through between the antidots similar to an unpattemed
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sample thereby generating Shubnikov-de Haas oscillations. A schematic of the electron
motion through the antidot structure is shown in figure 1-3 and figure 1-4.
Towards our objective to develop a sensitive GMR device based on the antidot
system, a necessary requirement was to obtain the magnetoresistance peaks at lower
magnetic fields. In this regard we decided to fabricate the antidots on a very thin layer of
magnetic (Nickel) metal. It was also decided to select a much smaller antidot diameter
and interdot spacing in order to get a large current path modulation at lower magnetic
fields.
Two different device fabrication techniques were investigated for the formation of
the antidot structure. The first method uses a sandwich structure of Al/Si/Ni/Al; the goal
is to create holes on nickel electrochemically through the alumina template. This
fabrication method along with the preliminary magnetoresistance characterization is
explained in chapter 2.
The second method involves the electron beam evaporation of a very thin nickel
layer on the alumina template. This results in a very uniform layer of nickel with a
periodic arrangement of holes on it. Fabrication procedure for this technique is described
in chapter 3. This is followed by the conclusion and future work in chapter 4.
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Figure 1-3 The Motion of electrons through an antidot structure at low magnetic fields.
The electrons, while moving through the structure, either undergo cyclotron motion and
become stationary around the anti dots or are scattered at the antidot locations.
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o

o

::::::

o

o

Figure 1-4 At high magnetic fields the cyclotron diameter of the electrons is much
smaller than the interdot distance and the electrons just drift through the regions between
the antidots.
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CHAPTER 2

FABRICATION OF ANTIDOT ARRAY USING ALUMINA
TEMPLATE AS A MASK
This chapter describes a novel mask based technique for the fabrication of antidot
structure. In this technique an electrochemical method is used to etch holes on a thin layer
of nickel through a porous alumina template. It is well known that electrochemical
oxidation (anodization) of aluminum results in the formation of a porous oxide structure
[7-11]. The initial device used in the anodization process is a sandwich structure
consisting of a silicon substrate at the bottom, a thin layer of nickel (-lOOnm) in the
middle and an aluminum layer (-900 nm) at the top. The initial objective was to find a
common electrolytic solution which not only etches holes on aluminum but also etches
the exposed nickel underneath. There are reports [12,13,14] that study electropolishing of
nickel in sulphuric acid solutions, which is also a very common electrolyte for the
anodization of aluminum.
This chapter is divided into three sections. Section 2.1 describes the anodization
process

and

2.2

gives the details

of the fabrication

process.

A

preliminary

magnetoresistance graph obtained using a laboratory electromagnet is explained in
section 2.3 while the EDX characterization is described in section 2.4.
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Pore
Alumina
Pores

Cell Wall
Cell Wall

Figure 2-1 A schematic showing the top and the cross-sectional view of the porous
alumina template.

2.1 Anodization of aluminum
When aluminum is exposed to the atmosphere it forms a very thin layer of oxide
(alumina) that adheres strongly to the surface and protects it from further reaction. A
thick layer of oxide can be formed by immersing aluminum in an electrolyte and passing
electric current; this process of electrochemically oxidizing aluminum (which is always at
positive potential i.e. anode) is called anodization. The anodized aluminum contains a
two dimensional hexagonal lacework of cells with uniform tubular pores. A schematic of
the top and cross section of the porous alumina are shown in figure 2-1. The diameter of
the pores and the thickness of the alumina depend on the conditions of anodization such
as pH of the electrolyte, anodizing current density or voltage and time. Depending on the
type of electrolyte, the diameter of pores can vary from 4 nm to 200 nm and the pore

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

length from 10 nm to lOOO’s of nm. Also, the density of these pores can range from 10^lO " cm^. Although the process of anodization has been around for more than 40 years,
the mechanism of pore formation is not well understood.

However, a near perfect

densely packed self-organized hexagonal pore structure for narrow processing parameters
have been reported for bulk aluminum [8-11].

Electrolyte

-----

----Alumina

(AI2O3)

|3+

Aluminum (Al)

Figure 2-2 Schematic of the anodization process as proposed by Jessensky et.al [8]

Figure 2-2 depicts the physical picture during the anodization process. The pores
grow perpendicular to the surface due to the field enhanced dissolution of the oxide at
the oxide/electrolyte interface and oxide growth at the metal/oxide interface [8]. The
pore formation process involves oxide growth due to migration of the oxygen ions (O'^)
from the electrolyte through the oxide layer to the metal surface and simultaneous drift of
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the aluminum ions (A^^) from metal into the electrolyte. Since the oxide is forming at the
entire pore bottom, the only place for it to expand is along the cell walls in the vertical
direction. This results in a mechanical stress causing a periodic arrangement of pores as
shown in figure 2-1.
The process of anodization can be carried out under two different conditions, by
applying constant current or by applying constant voltage. The discussion here is limited
to the constant current technique while the constant voltage technique will be discussed

CONSTANT CURRENT ANODIZATION

&
a

/

/.

Time

Figure 2-3 A typical Voltage-time curve used to monitor the fabrication process

in chapter 3. A convenient way to monitor the constant current anodization process is to
measure the voltage-time characteristics. A typical curve during the anodization of
aluminum on silicon substrate is shown in figure 2-3 [12].
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A thin layer of nonporous alumina is formed during the first 3-5 sec. This is
represented by an increase in the voltage that corresponds to an increase in the net
resistance, represented by the initial portion of the curve till point a in figure 2-3. As the
process of anodization is continued, an array of pores develop on the surface and they
grow in diameter before reaching the final dimension that is determined by the processing
conditions, indicated by the region of the curve between a and b. The potential finally
reaches a steady state value when the final diameter is reached (Region c). The diameter
of the pores does not increase any further after this and the depth of the pores increase
with continuing anodization. As soon as the silicon surface is reached (point d) the
voltage shows a sharp upward rise due to oxidation of silicon. The pore formation rate
can be accurately modeled because the thickness of the film is known and also the total
time for anodization can be obtained from the voltage-time characteristics. As a result the
process not only controls the pore diameters but also the depth of the pores.
The periodicity of the pores can be improved using a two step anodization
process. This is described in chapter 3.

2.2 Device Fabrication
Figure 3-4 shows the starting structure used for anodization. This consists of a
Ni/Al layer on top of a silicon wafer with a back aluminum contact. The metal
depositions on the silicon wafer were carried out at the Nanotechnology center at the
University of California, Santa Barbara.

10
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Aluminum (900 nm)
Nickel (100 nm)

Silicon

Aluminum (500 nm) back contact

Figure 2-4 The four layered sandwich structure used for anodization.

Power Siippfy

Ammeter

Plattmim M!esli

N

Sutfuric Acid Solution
Electrolj'tic Bath

Figure 2-5 Schematic of a typical anodization set-up. The device shown in figure 2-4 is
placed at the anode with the top aluminum layer facing the electrolyte. The power supply
can be used in both constant current and constant voltage mode.
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This sandwich structured wafer was first cut into small pieces of about 1 sq-cm
using a diamond scribe to fit inside the sample holder (Anode). The sample holder was
then immersed in an electrolyte which is maintained at room temperature. The silicon
substrate, which is the anode, was connected to the positive terminal of the power supply
with the top aluminum layer facing the electrolyte. A platinum mesh immersed in the
electrolyte was used as the cathode. The solution was stirred continuously to prevent heat
build up at the aluminum/electrolyte interface during the anodization process. Figure 2-5
shows a schematic of the anodization set-up.
A 2% sulfuric acid solution was used as the electrolyte for the anodization
process. This solution was prepared by adding 20 ml of sulfuric acid to 980 ml of DI
water. Anodization was carried out under constant current conditions, for this the voltage
drop between the anode and the cathode was recorded to monitor the anodization process.
A typical voltage time curve obtained during the experiment is shown in figure 2-6.
Such a Ni/Al structure has not been investigated before and the voltage-time
characteristics shown in figure 2-6 is different than what have been observed. After a
close analysis, we believe that the following steps are taking place as depicted in figure 27. During initial anodization the top aluminum begins to form alumina and hence the
voltage rises (Till point a). It reaches a peak value and then starts decreasing indicating
the formation of pores, then the pores just propagate vertically till they hit nickel at the
position denoted by point b. It then begins to etch nickel till the point represented by
point c. The voltage between point b and c initially rises since an initial passivation layer
is formed followed by the electrolytic dissolution of nickel [13]. Then there is a transition
region where at some points of the sample, the electrolyte contacts silicon while at others.

12
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nickel is still being etched, keeping the potential constant between c and d. After point d
silicon starts to oxidize more rapidly and the curve shows an abrupt upward rise.

-50

o

1 o o

Time (s)

Figure 2-6 Typical voltage-time characteristics obtained during constant current
anodization at 30 mA/cm^ for the structure shown in figure 2-4.
Figure 2-8 and 2-9 show the FESEM top view of the final structure formed using
the above process. As may be noted, the structure shows pores in the order of 50-100 nm,
which are larger than expected.
In addition, crossectional images of this structure could not be obtained due to
significant charging during the SEM imaging. These will be discussed further in chapter
4.

13
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c>

<

Legend
□

Silicon
Nickel

ŒD

Aluminum
Alumina

Figure 2-7 Schematic of the crossectional device structure during various stages of the
anodization process: (1) Unprocessed sample, (2) After anodization of the top aluminum
layer, (3) Step 2 is continued till the nickel is etched through, (4) The top alumina is
washed away in chromic acid solution.

14
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Figure 2-8: FESEM top view of the final device structure

15
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Figure 2-9; FESEM image showing the size of the individual holes created on the nickel
surface (~ 70-80 nm).
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2.3 Magnétorésistance characterization
The structure fabricated in the above process was characterized using a 50A/100V
laboratory electromagnet. Figure 2-10 shows the experimental set-up used to characterize
the antidot structure.

Figure 2-10: Experimental set-up used to characterize the fabricated antidot device
structure. 1- Electromagnet, 2-Power supply for the electromagnet, 3-Highly sensitive
Resistance bridge, 4-Gaussmeter, 5-recirculating chiller to cool the magnet coils and the
power supply and 6-computer for control and data acquisition. The computer is interfaced
to the resistance bridge, gaussmeter and the power supply using a GPIB interface card
and labview software.

17
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Figure 2-11 shows the preliminary magnetoresistance data with magnetic field
applied perpendicular to the device surface.

3 0 0 0 -,

2000-

1000-

0-

a

Œ

-

1000-

-4 0 0 0 0.000

0.005

0.010

0.015

0.020

0.025

0.030

B(T)
Figure 2-11: Magnetoresistance obtained in the antidot structure at room temperature.

As may be noted, the magnetoresistance shows almost a 100 % change at very
low magnetic fields at room temperature, making it an ideal GMR device. The device
physics is similar to that explained in chapter 1. The most interesting part of the graph is
the negative resistance region. The negative resistance suggests that most of the electrons
at higher magnetic fields are reflected back from the antidot locations in a direction
opposite to the traditional electron flow.
Eventhough the above explanation seems plausible and the results amazing the
high resistance values are difficult to explain. Clearly the material on the surface is not
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nickel, but an alloy which needs further characterization. This led us to test its material
composition using EDX.

2.4 Energy Dispersive X-ray characterization (EDX)

EDX is a well-known characterization technique used to determine material
composition. Most SEM units are accompanied with the EDX setup. Both involve the
shooting of an electron beam on the material surface. Secondary emitted electrons are
used for SEM imaging while the x-rays give information of the material composition.

Electron
Beam

Back
Scattered
Electrons

X-rays

Secondly
Electrons

Material

Figure 2-12; Partial Schematic diagram of the interaction between high energy electrons
and matter.
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Operating principle:
Generation of x-rays is often a secondary process preceded by the ionization of an
atom. There are several ways in which an x-ray can be generated depending on the
exciting medium - neutral or charged particles like electrons and ions and high energy
photons i.e x-rays themselves. When a high intensity beam of electrons is incident on a
material surface x-rays are generated. There are two components to this x-ray. There’s
always a background x-ray generated due to the deceleration of electrons in a columbic
potential. This component has a very low intensity and is called the continuous x-ray. The
second component is called the characteristic x-ray. This x-ray gives the information of
the material composition since each element in the periodic table has a different
characteristic x-ray. These characteristic x-rays appear superimposed on the continuous
x-ray.
The EDX experiment generates a plot of the Intensity vs. Energy of the x-ray. The
energy of the x-ray determines the element present in the material while intensity gives us
the relative percentage composition.
Figure 2-13 below shows the EDX plot obtained for the fabricated device. The
data shows no presence of nickel. This is really surprising since the material shows
tremendous GMR effects.
This makes it very difficult to understand the material and needs further analysis.
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Figure 2-13: EDX data for the device fabricated in section 2.2.
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CHAPTER 3

ANTIDOT ARRAY FORMATION BY ELECTRON BEAM EVAPORATION ON AN
ALUMINA TEMPLATE
A simple way of creating a metal based anti dot structure is by sputtering or
electron beam evaporation of the metal on a surface already indented with holes. Such an
indented surface can be created by anodization of aluminum [16] as described in the
previous chapter. The alumina template in this case is formed using a two-step constant
voltage anodization process; this creates periodically arranged pores [9]. A thin layer of
nickel is then deposited on the template by electron beam evaporation, which is known to
give thin films of high quality. This results in a nickel film with periodically arranged
pores on its surface.

3.1 Constant voltage anodization
The periodicity of pores on the aluminum surface can be improved by using a
constant voltage anodization technique. In the constant voltage mode the anodization
process is monitored using a current-time graph; a typical graph obtained during the
experiments is shown in figure 3-1. As discussed in [17,18], and in the previous chapter
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there are three main physical processes occurring during the anodization process,
formation of alumina barrier layer, formation of pores and then the propagation of pores.
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Figure 3-1 Typical current-time characteristics obtained during constant voltage
anodization (2% Sulfuric acid solution, 20V at room temperature- obtained during step I
in the two step anodization process)

These processes can be interpreted from the above current-time characteristic. In
the initial few seconds (0-5 sec), the alumina barrier layer is formed. At the juncture
between the constant current part and the initial decreasing portion of the graph (point a)
the pores are created [18]. After point a the pores propagate vertically downwards and the
resistance is almost constant.
The experimental set-up is similar to that used for the constant current anodization
with the power supply adjusted to the constant voltage mode. Since the magnitude of
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current in such experiments is very small, a 1 Ê2 series resistor is connected in the circuit
and the voltage drop across it is used to measure the circuit current.

3.2 Two-step anodization
A two-step anodization process was proposed by H.Masuda et.al [9,10,19] to
obtain a periodic arrangement of pores on b u lk aluminum. A similar method is used in
this thesis to obtain a periodic array of pores on thin film aluminum.
In step I, a sandwich structure of Al/Si/Ta/Al is anodized in an electrolyte for
100-120 sec. The initial layer of alumina formed at the top is removed by etching in a
chromic acid solution at 60° C. This leaves behind a periodic array of dimples on the
surface of aluminum. This structure is then further anodized (step II) in the same
electrolyte under the same conditions for 500 sec. The pores grow along the dimples
created in step I, resulting in a more regular array of pores on the surface. The pores are
then widened in a mixture of phosphoric and chromic acid solution for 3-5 min to remove
the barrier layer and other residues from the anodization process.
Anodization was carried out in three different electrolytes to obtain pores of
different diameters:
(a) 2 % Sulfuric acid solution: 20 ml of sulfuric acid in 1000 ml of aqueous solution.
(b) 0.3 M Oxalic acid solution: 37.8 gms of Oxalic acid crystals in 1000 ml of aqueous
solution.
(c) 10% Phosphoric acid solution: 100 ml of Phosphoric acid in 1000 ml of aqueous
solution.
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Figure 3-2 Current-Time graph obtained during step I of the two-step anodization in
0.3M Oxalic acid solution at 40 V at room temperature.

Figures 3-1, 3-2 and 3-3 show the current-time graphs obtained during step I of
the two step anodization process described above for three different electrolytes. Figures
3-4, 3-5, 3-6 show the graphs during the second step of the anodization process.
The FESEM pictures showing the top view of the device for each of the three
electrolytes after a two-step anodization are shown in figures 3-7, 3-8 and 3-9
respectively.
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Figure 3-3 Current-Time graph obtained during step I of the two step anodization in 10%
Phosphoric acid solution at 60 V at room temperature.
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Figure 3-4 Current-Time graph obtained during step II of the two step anodization in 2%
Sulfuric acid solution at 20 V, at room temperature.
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Figure 3-5 Current-Time graph obtained during step II of the two step anodization in
0.3M Oxalic acid solution at 40 V at room temperature.

0 .1 2 -,

0.10-

^

0 .0 8 -

E
c
g
Q

0 .0 6 -

0 .0 4 -

0.0 2 -

100

200

300

400

500

Time (s)
Figure 3-6 Current-Time graph obtained during step II of the two step anodization in 10%
phosphoric acid at 60V, at room temperature.
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Figure 3-7-a FESEM image of the device structure after two-step anodization in 2%
sulfuric acid solution.
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Figure 3-7-b FESEM image showing the size of individual pores after a two-step
anodization in 2% sulfuric acid solution.
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Figure 3-8-a FESEM image of the device structure after two-step anodization in 0.3 M
oxalic acid solution.
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Figure 3-8-b FESEM image showing the size of individual pores after a two-step
anodization in 0.3 M Oxalic acid solution.
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Figure 3-9-a FESEM image of the device structure after two-step anodization in a 10 %
Phosphoric acid solution.
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Figure 3-9-b FESEM image showing the size of individual pores after a two-step
anodization in 10% phosphoric acid solution.
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3.3 Electron-beam evaporation
Electron beam evaporation is a widely used technique to create thin films of high
quality and uniformity. A thin layer of nickel (-15 nm) was electron beam evaporated on
three different samples formed with three different electrolytes. This was done in the
Nanotechnology Laboratory at UNLV using the nanocluster deposition system. This
system is one of its kind in the world with integrated facilities for nanocluster deposition,
e-beam evaporation and sputtering. Thus complex structures can be created without
breaking the vacuum.
Cross-contamination
shield
Filament
Rod/crucible
Cable Connector

Water, in out
Ion Current
Collector

Shutter (optional)

34 mm
Filament
Connectors

\
Cold Hearth

Shutter Actuator
(optional)

200 mm

Figure 3-10 Schematic of the mini e-beam evaporator used for nickel deposition. Source:
Oxford equipment manual.
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Figure 3-10 shows a schematic of the of the e-beam evaporator system. The entire
evaporation process takes place in an ultra high vacuum chamber (10~*“ torr). The
evaporator has four separate pockets each of which can be loaded with the target rod to
be deposited. The rod is connected to the high voltage hearth and maintained at a positive
potential of 2 KV. Electrons are emitted from a dedicated filament maintained at ground
potential; these electrons get accelerated to the tip of the rod due to the electric field
gradient. This causes thermal evaporation of the target rod. Some of the target vapor gets
ionized and this is used to measure the evaporation rate and shows as the ion current. The
hearth of the equipment is directly water-cooled which maintains neighboring pockets at
room temperature eventhough evaporation occurs in one of the pockets at elevated
temperatures. A shutter is provided to isolate the substrate from the target material source
if required.
The thickness of a material deposited is monitored using a quartz crystal monitor.
This essentially consists of a quartz crystal (disc) sandwiched between two electrodes.
When an ac voltage is applied to the electrodes the disc starts oscillating at resonant
frequency due to the piezo-electric effect. As material gets deposited on this quartz disc
the vibrating frequency changes and this gives a measure of the amount of mass added
[21 ].

A nickel rod was loaded in pocket 4 for this experiment. The deposition on all the
three samples was done at the same time. The parameters used to achieve the target
thickness of 15 nm are tabulated in figure 3-11.
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Pressure-BE

Pressure-DE
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3.2 X 10 ^

9.1 X 10 ^
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27

44

21

Figure 3-11 E-beam evaporation Parameters used to achieve 15nm of nickel deposition
(BE - Before Evaporation, DE - During Evaporation).

These tabulated parameters were derived from the nickel evaporation graphs in
the Oxford equipment manual. Figure 3-12 and 3-13 show the variation of ion current
with power and the variation of deposition rate with the ion current respectively. First a
deposition rate is selected; this gives an ion current from figure 3-13. In figure 3-12, this
value of ion current gives the corresponding power.
FESEM images of the antidot structure after nickel deposition are shown in figure
3-14, 3-15, 3-16. The nickel layer can be easily identified by the white shiny layer in the
cross-sectional image.
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Figure 3-12 Power vs. Ion current for nickel evaporation. Source: Oxford equipment
manual.
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Figure 3-13 Deposition rate vs. Ion current for nickel evaporation. Source: Oxford
equipment manual.
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Figure 3-14-a Device (formed in 2% sulfuric acid solution) structure after nickel
deposition.
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Figure 3-14-b Device (formed in 2% sulfuric acid solution) structure after nickel
deposition showing the size of the individual pores.
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fpffi

UNLV

Figure 3-14-c Cross-sectional Device (formed in 2% sulfuric acid solution) structure after
nickel deposition. The nickel layer can be easily identified by the white line at the top.
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Figure 3-14-d A high magnification image of the Gross-sectional Device (formed in 2%
sulfuric acid solution) structure after nickel deposition.

41

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

SEI

2.0kV

X35.000

lOOnm

WD 7.5mm

Figure 3-15-a Device (formed in 0.3M Oxalic acid solution) structure after nickel
deposition.
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Figure 3-15-b Device (formed in 0.3 M Oxalic acid solution) structure after nickel
deposition showing the size of the individual pores.
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2.0kV

WD 3.9mm

Figure 3-15-c Cross-sectional Device (formed in 0.3M Oxalic acid solution) structure
after nickel deposition. The nickel layer can be easily identified by the white line at the
top.
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lOOnm

Figure 3-15-d A high magnification image of the Cross-sectional Device (formed in 0.3M
Oxalic acid solution) structure after nickel deposition.
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Figure 3-16-a Device (formed in 10% Phosphoric acid solution) structure after nickel
deposition.
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Figure 3-16-b Device (formed in 10% Phosphoric acid solution) structure after nickel
deposition showing the size of the individual pores.
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Figure 3-16-c Cross-sectional Device (formed in 10% Phosphoric acid solution acid
solution) structure after nickel deposition. The nickel layer can be easily identified by the
white line at the top.
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Figure 3-16-d A high magnification image of the Cross-sectional Device (formed in 10%
Phosphoric acid solution) structure after nickel deposition.
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3.4 EDX characterization
Figure 3-17 shows the EDX plot obtained for the above device.

Si/Ta/AliOs template/Ni

SAMPLE
ENERGY

ISkeV

15 S Ni22 03 05

0/(Al+Ta)
Remarks

0/Al=4.3 -7 AIO 4.3

-7

AI2 O 8.6 instead of AI2O 3

Figure 3-17: EDX data for the sample fabricated by e-beam evaporation on an alumina
template. This plot confirms the presence of nickel.
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CHAPTER 4

CONCLUSION AND FUTURE WORK
This thesis described two non-lithographic techniques for the fabrication of
antidot structures for potential application to GMR device technology. The first
technique, wherein an alumina template is used as a mask to etch holes on the underneath
nickel, showed a 100% change in magnetoresistance at room temperature at low
magnetic fields. These preliminary results, however amazing, require further analysis
since the kilo-ohm resistance suggests that the material is converted into an alloy and is
no longer a metal. The second fabrication technique involving e-beam evaporation of the
magnetic metal on an alumina template is a much simpler and versatile process which can
be used to create pores of different diameters but couldn’t be tested for its
magnetoresistance characteristics due to equipment malfunction, and will be followed up
soon. Besides, the magnetoresistance graph obtained for the first device needs further
analysis through understanding of the EDX data and further characterization. This might
lead to a novel and highly sensitive material for GMR device applications.
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